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ADDRESS OF THE RETIRING PRESIDENT OF THE 

SOCIETY IN AWARDING THE BRUCE GOLD MEDAL 

TO M. HENRI ALEXANDRE DESLANDRES. 

By J. H. Moore 

At the meeting of the board of directors of the Astronomical 
Society of the Pacific, held on November 27th, the Bruce Gold 
Medal for the year 192 1 was awarded to Monsieur Henri Alexandre 
Deslandres, Director of the Astrophysical Observatory at Meudon, 
in the southern suburbs of Paris. It is my duty and pleasant 
privilege to review briefly for you the "distinguished services to 
astronomy" which form the basis of this award. 

The field of astronomical research represented by this our six- 
teenth medalist had its origin in the application of the spectroscope 
to the study of the heavenly bodies. So powerful and fruitful has 
this method of investigation proved that thru its aid a new branch 
of astronomy has been developed in a period of scarcely more than 
fifty years. Seven of the recipients of the Bruce Gold Medal have 
attained eminence in this new field, that of astrophysics. More- 
over, for the second time, the medal has been awarded to one of the 
pioneers in the determination of the constitution and physical 
condition of our own star, the Sun. 

Monsieur Deslandres' training and interests have been those of a 
physicist, rather than those of an astronomer, a preparation 
especially fitting him for the field of research into which he later 
entered. One of his early contributions to spectroscopy, made in 
the years 1886-1891, was the investigation of the laws of banded 
spectra, the results of which led to the discovery of the beautiful 
and simple relationships existing between the component lines of a 
band, and the relative grouping of the bands themselves. Des- 
landres' laws of banded spectra are familiar to all students of 
spectroscopy and forever link his name with this important phase 
of the subject. It was then as a trained spectroscopist and one who 
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had made contributions of the greatest value, that he was selected 
in 1891 by Admiral Mouchez to organize the spectroscopic work at 
the Paris Observatory, an institution whose resources had pre- 
viously been devoted to the astronomy of position and motion. 
Here our medalist inaugurated, with very modest equipment, his 
investigations of the Sun's atmosphere, a series of researches 
brilliantly conceived and pursued with great skill during the past 
thirty years. 

The first stage in the successful delineation of the different 
portions of the solar atmosphere is connected with the names of 
Janssen, Lockyer and Huggins. As early as 1868 they showed that 
the prominences and chromosphere could be easily observed at the 
limb of the Sun, on any clear day, by means of a high-dispersion 
spectroscope. The next stage, the extension of the study of these 
phenomena to the entire visible disk of the Sun, is associated, in both 
its inception and its further development, with the names of Hale 
and Deslandres. In the early 'oo's these two observers, working 
independently, found that the broad dark H and K bands of calcium 
in the solar spectrum, when observed above the faculae, had narrow 
bright lines superimposed upon their centers. Evidently a photo- 
graph of the Sun, obtained in the light of the bright lines, would 
exhibit the form and characteristics of the particular region of the 
Sun's atmosphere which is the source of this radiation. The 
method by which such a photograph may be obtained, altho 
previously suggested by others, seems to have occurred to Hale and 
Deslandres at about the same time. In principle it consists in 
excluding the light from all other parts of the spectrum and ad- 
mitting to the photographic plate thru a narrow aperture only the 
light of this bright line. With the image of the Sun and the 
photographic plate remaining in fixed positions the spectroscope 
is then moved sidewise at a constant speed so that its slit takes 
successive positions on the Sun's disk. The instrument by which 
this is accomplished is known as the spectroheliograph. It wa' 
first constructed and successfully employed by Hale in th- photrp 
raphy of the prominences at the limb, and the calcium clouds, 
called by him floccuh, which are the origin of the bright lines, 
observed in the centers of the H and K bands. 

With high dispersion each of these bright lines was resolved into 
two components separated by a central dark line. It is customary 
to distinguish the different radiations of the K line, for example, 
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as Ki, corresponding to the outer portions of the dark band, K2, 
the two bright lines, and Kg, the dark central line. The three 
radiations Deslandres interpreted as originating at different levels 
in the Sun's atmosphere. Thus Ki has its origin at the low level 
in which the other Fraunhofer lines are produced, K2 comes from 
incandescent vapor at a somewhat higher level which he has in fact 
identified with the chromosphere, while K3 has its source in the 
cooler strata of calcium vapor at a still greater altitude above the 
surface. Photographs taken with the spectroheliograph utilizing 
the light respectively of Ki, K2, K 8 , exhibit the distribution of 
calcium over the Sun's surface at the three corresponding levels. 
This simple interpretation of the Ki, K 2 , K 3 radiations has been the 
basis of the magnificent studies of the phenomena of the different 
solar levels, made by both Deslandres and Hale, the results of 
which have revealed the complex forms and movements of the 
great gas clouds of the Sun's atmosphere. 

The discovery of the double reversal of the H and K lines, 
suggested to our medalist not only the possibility of photographing 
different strata of the solar atmosphere, by the use of the spectro- 
heliograph, but also a method of procedure thru which would be 
recorded the movements of these clouds toward or away from the 
observer. The instrument by which this is accomplished is called 
by Deslandres the "spectro-enregistreur des Vitesses", or spectro- 
graphic-velocity recorder. Like the spectroheliograph the velocity 
recorder is provided with two slits, the second^f which is made of 
sufficient width to admit a small section of the spectrum in the 
region of the line to be studied. By a series of discontinuous 
motions of the Sun's image on the first slit, and of the photo- 
graphic plate behind the second aperture, the spectra of successive 
chords of the solar disk are recorded. The relative positions of 
the K line, for example, and of the edge of the slit, indicate at once 
the displacements of different parts of this line due to motion of 
the vapor toward and away from the observer. 

The interpretation of the permanent records of the forms and 
motions of the solar clouds, as furnished respectively by the 
spectroheliograph and the velocity recorder, is the key to the 
solution of the problem which Deslandres has always kept before 
him, namely, the determination of the constitution and the cir- 
culation of the Solar Atmosphere. 
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In 1898 Monsieur Deslandres was appointed Assistant Astrono- 
mer in the Astrophysical Observatory at Meudon, an institution 
devoted exclusively to research in astrophysics. His spectrohelio- 
graph and velocity recorder were moved from the Paris Observatory 
to Meudon, where his observations were continued. With this 
modest equipment he was able to establish the conclusion that the 
general features of the chromosphere endure without sensible 
change Over the whole solar disk during the sun-spot cycle, whereas 
the areas associated with faculae show the same variation in their 
occurrence as that shown by the faculae in the eleven-year period. 

Monsieur Deslandres became Assistant Director in 1906 and the 
following year, on the death of Janssen, was appointed Director at 
Meudon. With the aid of a special subsidy from the French 
Government he at once constructed a powerful spectroheliograph, 
which enabled him to observe more clearly the different levels of 
the solar atmosphere revealed in the Ki, K2, K 3 radiations. The 
spectroheliograph, in which the dispersion is effected either by a 
Rowland grating, or by three flint prisms of 61 ° angle, is provided 
with three slits, instead of the two in the earlier form. From the 
second slit the light is received by a concave mirror of the same 
aperture and focal length as the camera mirror, and after passing 
thru a 30 glass prism is brought to a focus at the third slit by a 
camera lens. The photographic plate is placed behind the third 
slit. By this disposition of the optical train, the diffuse light 
present in the image at the second slit, which had been troublesome, 
is to a great extent eliminated. The instrument is kept stationary 
and the movements of the objective, furnishing the solar image, 
and of the photographic plate are given by synchronised electric 
motors. 

In 1908 our medalist began to observe with this instrument, 
assisted by Monsieur d'Azambuja, to whose skill Deslandres con- 
tinually gives credit. Many of the beautiful photographs of the 
Sun obtained with the new spectroheliograph, together with a 
careful discussion of the results obtained from their study, are 
published in Volume IV of the Annals of the Meudon Observatory. 
They form a noteworthy contribution to our knowledge of the 
Sun's atmosphere. The general conclusions from these researches 
on the K line are thus briefly summed up in Deslandres' own words. 

"The instrument employed enabled us to isolate exactly the ray K« or either 
one of the two bright components K s , and thus to have the images in Ki, Kj, K» 
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radiations very pure and tree from all foreign light. It the ordinary surface 
image be added to the three calcium images, we have photographs of tour 
successive layers of the Sun. The results of the comparison of these images 
are the following: 

"The spots which are the principal feature of. the surface progressively 
diminish as we ascend from the surface to the upper strata: they disappear in 
the layer Kj, or are notably less large and black. 

"The facular regions, on the other hand, remain bright and progressively 
increase in size. 

•'Besides this, on the new layer, K», new details appear: it shows black lines, 
called by us filaments, often very long, more or less large, and curved, generally 
with sharp edges. Also it shows large regions less bright than the background 
and with ill-defined limits. 

"The filaments, like the spots, remain at the same place during several ro- 
tations of the Sun, and are the seat of special disturbances. They seem to 
have in the higher chromosphere the same importance as spots in the surface 
and low atmosphere. Generally the filaments are prolonged on each side by 
similar lines, called alignments, less black and continuous, which extend from 
one edge to the opposite edge of the Sun. Upon the whole the filaments and 
alignments form a special net work which is the principal characteristic of the 
upper layer of calcium." 

The same method of observation has been applied by Deslandres 
to the similar radiations of the red line of hydrogen, Ha. The 
great care and skill in manipulation required in his studies of this 
line may perhaps be appreciated from the simple statement that 
the width of the Ha line, exclusive of the diffuse edges, is only 
o.oA. In Ha light the highest level is characterized by the same 
filaments and alignments observed in K3 of calcium. The lowest 
level shows the same facular areas as those due to calcium, except 
that the hydrogen faculae are dark, whereas those of calcium are 
bright. The intermediate level pictured in the hydrogen photo- 
graphs is more complex and exhibits the remarkable solar vortices 
discovered by Hale. 

Coincident with the installation of the new spectroheliograph at 
Meudon, a velocity recorder of greater dispersion and giving a solar 
image 140 mm. (= 5.5 inches) in diameter, was constructed. With 
the aid of this instrument parallel researches on the motions of the 
gaseous clouds of the solar atmosphere have been assiduously con- 
ducted by Deslandres and his able assistants. An examination of 
the excellent photographs obtained with the velocity recorder 
impresses one with the fact that they are a veritable mine of 
information concerning the complex movements of the solar gases 
and vapors at various levels. Here, for example, is a photograph 
of the Sun consisting of 140 strips, each strip (imm. in width) a 
record of the K line along the corresponding chord of the solar 
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disk. Such a photograph exhibits the forms and displacements of 
K 2 and K 3 of calcium at all points on the Sun's visible surface. A 
marked displacement of K 3 toward the violet is shown at a certain 
portion of the line, which proves to have its origin in the region of 
a filament. Other photographs, from the sinuousities and irregular- 
ities of the Ha line, show the complexity of the great vertical 
movements of hydrogen in different regions of the solar atmosphere. 
To extract all of the information obtainable from a single photo- 
graph taken with this instrument requires frequently more than a 
thousand separate measures. From observations of this character 
Deslandres has found that the filaments in the upper level play a 
role similar to that of the sun-spots in the low levels; that like the 
sun-spots they are the centers of great vortices, whose axes are, 
however, transverse whereas those of the spots are radial. In 
general the gases of the dark filaments are ascending, while those of 
the neighboring bright areas are descending. 

In Deslandres' opinion these great vortices are analogous to the 
ones set up by convection currents in a liquid heated from below. 
In fact he has attempted a general explanation of the circulation 
of the gases in the Sun's atmosphere on the basis of Monsieur 
Bernard's experiments on the convection currents observed in a 
liquid heated uniformly at its base. The picture which he sketches 
of the relationship of the phenomena of the different levels in the 
great circulatory movements of the solar atmosphere is based upon 
the analogy of the Earth's atmosphere. Admittedly it is far from 
complete, but has, as he says, the advantage of being simple and 
suggestive for future investigations. 

Our medalist's researches on the Sun have brought within their 
scope all of the observed phenomena of the solar envelope. Thus 
we find him conducting important investigations on the corona 
at the time of several total eclipses of the Sun. At the eclipse of 
1893 which was observed in Senegal he obtained the spectrum of the 
corona and chromosphere in the extreme ultra-violet and made the 
first attempt to determine spectroscopically the rotation of the 
corona. Later, at the eclipse of 1900, he measured the total heat 
radiation from the corona. His observations have revealed the 
presence of several lines in the coronal spectrum not previously 
recorded by other observers. 

Deslandres has carried on a series of investigations on the promi- 
nences and has shown the intimate relationship existing between 
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them and the filaments and alignments of the upper level. He 
has also, by means of the velocity recorder, found a marked dif- 
ference of velocity for the gases at high and low altitudes in the 
prominences, which he interprets as evidence of a strong magnetic 
field in the upper atmosphere of the Sun. The possible effects of 
such a field upon the velocities of particles in the solar corona has 
likewise been considered by him. His most recent paper, pub- 
lished in August of last year, deals with the possibility of studying 
the different layers of stellar atmospheres by means of the reversals 
observed in the H and K lines so successfully employed in the study 
of the Sun. 

While our medalist's chief contributions have been his investi- 
gations of the solar atmosphere, he has at the same time rendered 
distinguished services in other fields of astronomy. In his first 
years at the Paris Observatory, Deslandres initiated researches in a 
field of astrophysics likewise in its infancy, that of the deter- 
mination of the radial velocities of the stars. He appears to have 
been the first to recognize the advantage of the use of a comparison 
spectrum containing many lines. His spectrograph was also the 
first to be provided with a means of maintaining it at a constant 
temperature during the period of observation, a feature now con- 
sidered essential in all instruments used for this class of work. It 
was at this time that Deslandres applied the spectroscopic method 
successfully to thedeterminationof the rotational velocity of Jupiter. 
With the slit of the spectrograph placed along the equatorial 
diameter of the planet, he measured the inclination of the lines in 
the spectrum of Jupiter with reference to neighboring lines of the 
comparison spectrum. His observed equatorial velocity of Jupiter 
was 12.1 km/sec, a value in satisfactory agreement with that 
computed from the known diameter and period of the planet, 
12.4 km /sec. Later at Meudon in 1902 he attempted a similar 
observation of Uranus and altho an accurate value of the planet's 
rotational velocity could not be obtained from his spectrogram he 
was able to say that the direction of the planet's rotation was 
retrograde. 

To the spectra of comets and their tails Deslandres has con- 
tributed an important series of investigations. In addition to the 
usual hydrocarbon and cyanogen bands in the spectrum of the head 
he has obtained a series of fainter bands extending for consider- 
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able distances in the tail, one of which he has identified with the 
negative-pole spectrum of nitrogen at low gas pressure. 

Recently (1013-1010) Monsieur Deslandres has devoted much 
attention to the subject of his earlier studies, that of banded 
spectra. He has investigated for example the displacement of the 
lines of a band given by a source in a magnetic field, or that due to 
the Zeeman effect. He has also proposed a new general formula 
which will represent the series relationship of the component lines 
and heads of bands both for emission and absorption spectra. It is 
characteristic of his philosophic spirit that he then seeks a physical 
interpretation of this experimentally-derived law, in the transverse 
and longitudinal vibrations of the atoms as the origin of these 
radiations. 

To Monsieur Deslandres have justly come many honors in 
recognition of his great services to science. In 1913 he was awarded 
the Gold Medal of the Royal Astronomical Society; and in the same 
year the Draper Medal of the National Academy of Sciences. 
During the past year he has been President of the Paris Academy 
of Sciences. 

In the award of the Bruce Gold Medal for 1921 to Monsieur 
Henri Alexandre Deslandres, the Astronomical Society of the 
Pacific desires to express its appreciation of the distinguished 
services rendered to astronomy by this brilliant and skillful in- 
vestigator and to wish for him many additional years of rich 
accomplishment. 



